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Figure 1. Structure of amithiamicin, tylocrebine and Salmocheline S1.Introduction
Carbon–carbon bond formation is a major focus of research in
organic synthesis. Tools for making such bonds are indispensable
for the construction of complex molecules and intense efforts are
continuously directed toward developing novel and selective
bond-forming reactions.1
The transition metal-catalyzed cross-coupling reaction of orga-
nometallics is a methodology widely used by many in the chemical
community to produce products prevalent in pharmaceuticals, li-
gands, and materials. Extensive research has focused on a variety
of ways to form C–C bonds using transition metal catalysts.2
The palladium-catalyzed Negishi cross-coupling, the reaction of
aryl and vinyl halides/triﬂates with organozinc reagents, repre-
sents a powerful tool for the formation of carbon–carbon bonds
in view of the ready availability and high functional group compat-
ibility of organozinc compounds.3 Some particular examples of this
type of cross-coupling reaction has been provided recently by a
number of authors in the synthesis of tylocrebrine,4 salmoche-
lines,5 amythiamicin C and D,6 just to mention a few (Fig. 1).
On the other hand, organotellurium compounds have attained
remarkable interest as synthons and intermediates in synthetic
organic chemistry.7 In the current decade, organotellurium
compounds have been identiﬁed as alternatives to halogens as
electrophilic partners in some palladium-catalyzed cross-couplingsevier OA license.reactions, such as Heck,8 Negishi,9 Sonogashira10 and Suzuki–
Miyaura.11 Recently, we have reported the use of some organotel-
lurium compounds in a Suzuki–Miyaura reaction employing
potassium organotriﬂuoroborate salts as nucleophilic partners.11
Until now, only a few studies on the coupling reaction of organo-
zinc with organotellurides have been described.12
Herein, we report our success in accomplishing a sp2–sp2 and
sp2–sp Negishi coupling reaction between diaryl tellurides and
organozinc reagents.
Results and discussion
The diaryltelluride starting materials were prepared in good to
excellent yields through the reaction of diarylditellurides13 with
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Table 1
Screening of the catalyst in the Negishi reaction of diphenyltelluride with
(4-methoxyphenyl)zinc(II) chloride
Te ZnCl+
"Pd", "Cu"
OMeMeO
THF, reflux, N2
1a 2b12h
Entry Pd Catalyst (10 mol %) ‘Cu’ (equiv) Yield (%)
1 Pd(PEPPSI) CuI (1) 40
2 PdCl2 CuI (1) 29
3 Pd(OAc)2 CuI (1) 15
4 Pd(PPh3)4 CuI (1) 45
5 PdCl2(PPh3)2 CuI (1) 83
6 Pd2(dba)3 CuI (1) 23
7 No catalyst — —
8 PdCl2(dppf)CH2Cl2 CuI (1) 88
9 PdCl2(dppf)CH2Cl2 CuI (0.5) 34
10 PdCl2(dppf)CH2Cl2 Cu(OAc)2 (1) 29
12 PdCl2(dppf)CH2Cl2 CuCN (1) 38
13 PdCl2(dppf)CH2Cl2 CuCl (1) 56
14 PdCl2(dppf)CH2Cl2 CuSO45H2O (1) 27
H. A. Stefani et al. / Tetrahedron Letters 52 (2011) 4398–4401 4399potassium aryltriﬂuoroborate salts bearing electron-withdrawing,
electron-donating, and neutral substituents, using a catalytic
amount of Cu(OAc)2 and bypyridine in DMSO/H2O in moderate to
good yields14,15 (65–90%) (Scheme 1).
Following the Buchwald procedure,16 the organozinc reagent
was prepared in situ from corresponding aryl bromides or arylalky-
nyl acetylene in dry THF. The resulting solution was cooled to
78 C, then n-butyllithium was added dropwise via a syringe
through the septum, and the resulting solution was stirred at
78 C for 1 h. ZnCl2 was added in one portion by removal of the
septum (Scheme 2).
With the substrates in hand, we began our investigation on the
optimization of the Pd source, additives and solvents.
Of the various palladium catalysts tested, PdCl2(dppf)CH2Cl2
and PdCl2(PPh3)2 proved to be most effective in terms of theTable 2
Negishi cross-coupling reaction of diaryltellurides and organozinc reagents
Te
R
R2
R2 ZnCl
R
R, R1 = H, F, Cl, OMe
R2 = aryl, alkyl
THF, reflux
PdCl2(dppf).CH2Cl2
CuI (1 mmol)
1a-f3a-e
12h
2
3 equiv
Entry Telluride
1
Te
2
1a
2
TeF
2
1b
3
Te
2
1c
4
Te
2
1cproduct yield and reaction rate (88% and 83%, respectively).
Pd(OAc)2, PdCl2, Pd2(dba)3, Pd(PEPPSI), Pd(PPh3)4 were found to
be less efﬁcient, affording the coupled product in 15–45% yield.
No reaction took place in the absence of a catalyst (Table 1).R1RR
ZnCl
R1
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CuI (1 mmol)
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12h
2
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Organozinc Product/Yield (%)
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5 mol % of PdCl2(dppf)CH2Cl2 was not very effective, affording
25% yield of the desired cross-coupled product in addition to a rel-
atively small amount (>10%) of the homocoupled product. Once
PdCl2(dppf)CH2Cl2 was identiﬁed as the best catalyst, the inﬂu-
ence of the copper salt employed on the cross-coupling reaction
was examined. The next step, as shown in Table 1 (entries 8–14),
was the determination of the best copper additive. Different cop-
per(I) and copper(II) species were tested in the coupling reaction,
displaying poor to high yields; the best result was obtained using
CuI (1 mmol), giving the desired product in very good yield
(Table 1, entry 8).
Copper loading was also analyzed. When the amount of CuI was
dropped to 0.5 equiv, the product was formed in only 34% yield
(Table 1, entry 9).
The inﬂuence of the reaction solvent was also investigated. The
reaction occurred in poor to moderate yields in acetonitrile, DME
and THF/DCM, giving the biarylic product in 46%, 63% and 66%
yield, using PdCl2(dppf)CH2Cl2 as the catalyst with copper iodide.Figure 2. Reaction course (Table 2, entry 1) followed by in situ IR spectroscopy. The
structures represented are the optimized geometries of the reactant and the
product obtained by DFT calculations.The highest yield was achieved using THF as the solvent, affording
the cross-coupled product in 88% yield.
Thus, it was deemed that the optimum conditions for the cross-
coupling reaction of interest involved the use of organotellurides
(0.5 mmol), organozinc reagents (3.0 mmol), PdCl2(dppf)CH2Cl2
(10 mol %), and CuI (1.0 mmol) in THF solvent at reﬂux tempera-
ture (Table 2). Having established the viability of the presented
methodology, the general applicability as well as the reactivity of
various organozinc and aryl tellurides was also tested17 (Table 2).
The reaction demonstrated tolerance to common functional
groups in aromatic rings like ﬂuorine, methyl and methoxy with
yields ranging from 32% to 88% (Table 2, entries 1–4). In the case
of thiophene, the yield was very modest, only 47% (Table 2, entry
5). On the other hand, the aryl acetylenes (Table 2, entries 6–10)
were accomplished in moderate to good yields.
In order to gain further insight into the reaction of interest,
in situ ReactIR spectroscopy18,19 was employed to monitor the con-
version of diphenyltelluride 1a–2a. As can be observed in Figure 2,
after the addition of diarylzinc to the diphenyltelluride, there is a
rapid increase of a band at 1248 cm1 that remains constant few
minutes later, indicating that the reaction occurs quite fast. This in-
tense band can be assigned to a vibrational mode involving the ring
mode /(14) and the methoxy group stretching, m(C–O). A detailed
IR characterization was done for both the reactant and the product
and to complement the vibrational assignment, density functional
theory (DFT) calculations were performed for both species (the
experimental and theoretical IR spectra, as well as the vibrational
assignments are available in the Supplementary data).
Conclusion
The methodology was effective for obtaining asymmetric biaryl,
biaryl acetylene and aryl acetylene compounds in moderate yields
employing Negishi reaction conditions and symmetric diaryl tellu-
rides catalyzed by palladium and copper. Also, the reaction allows
the transference of both aromatic rings linked to tellurium atom.
A preliminary study to gain further insight into the reaction was
performed using in situ ReactIR technology. Further studies on this
methodology and the mechanism reaction are currently ongoing in
our laboratory and will be reported in due course.
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